Experiments were undertaken with field-grown potato (Solanum tuberosum L.) plants to test the hypothesis that altering leaf:tuber water potential gradients within a plant subjected to low soil moisture will allow greater Ca accumulation in tubers and reverse Ca deficiency-related tuber necrosis. Antitranspirant formulations containing a wax emulsion and a spreader/sticker surfactant increased leaf water potential during a drought episode, significantly reducing the potential gradient that develops between loaf and tuber during a period of stress. Increased leaf water potential in treated plants was associated with decreased leaf Ca and increased tuber Ca. Tuber necrosis was found to be reduced In treated plants, thus increasing tuber quality.
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Twenty-five years ago, Wiersum (11) presented evidence that, in a number of vegetable crops, a range of physiological disorders (such as bitter pit in apple, blackheart of celery, blossom-end rot in tomato, tip burn in cabbage and lettuce, and internal necrosis in potato) which are associated with localized Ca deficiencies in affected plant parts are caused by unfavorable internal 'w3 gradients. Ca is known to move in the plant exclusively in the xylem; this movement follows mass flow of transpirational water to the point of lowest 'w (1) . Wiersum (11) demonstrated that nonsenescing leaves with high transpiration rates (and concomitant low water potentials) act as strong sinks for Ca movement and restrict Ca supply to slowly transpiring organs such as fruits and tubers. It has been shown that water stress conditions exacerbate the disorder in potato, among other crops (5, 7, 8) .
Although this class of Ca deficiency-related physiological disorders is recognized as an important limitation to optimum yield and quality in many horticultural crops (8) , the amelioration of the disorder in plants exposed to even transitory water deficits in the field has proved problematic. In several field studies of potato, increased Ca fertilization has been noted to not necessarily result in an increase in tuber Ca (9) or a reduction in tuber necrosis (3 plants, Kratzke and Palta (4) showed that a 30-fold increase in the Ca concentration of a nutrient solution supplied to the basal roots of plants had no effect on tuber Ca.
The prevalence and severity ofthis disorder in potato plants exposed to 
Ca and Internal Necrosis
Tubers and leaves (four per treatment) used for Pw measurements on a given day were also used to measure leaf and tuber Ca during the growing season. Immediately after removal from the pressure chamber, the tissues were transferred to plastic bags and stored on ice until they could be weighed (for tubers, a 3-to 4-g section of medullary tissue from the center of the tuber bud apex end was sampled) and then left at 60'C to dry. Leaf and tuber section samples were then dry ashed and processed for Ca analysis according to the method of Kratzke and Palta (4) except that samples were ashed by heating to 500'C for 5 h (with an additional 4 h for oven [model F-A1738 Sybron/Thermolyne, Thermolyne Corp., Dubuque, IA] cooling) and LaCl3 was not added to the HCO extracts. Samples were read on a model 2280 atomic absorption spectrophotometer (Perkin-Elmer, Norwalk, CT). In addition to the measurement of tissue Ca during the imposed drought episode, measurements were also taken at the end of the growing season (d 127 after planting). For these measurements, one leaf and five tubers were removed from the same plant (one plant per plot). Leaf and tuber Ca were calculated on a molar basis by ascertaining tissue water contents and assuming that all the measured Ca was in solution. RESULTS AND DISCUSSION Prior to initiation of the field experiment, a number of control studies were undertaken with ionic, nonionic, and spreader/sticker surfactants in formulations with the wax emulsion Folicote. From these studies (data not shown), it was determined that aqueous formulations containing the surfactant Biofilm at 0.5% (v/v) and Folicote at either 2, 4, or 6% (v/v) were optimal in terms of restricting water loss from potato leaves without any apparent phytotoxic effects on plants. These three antitranspirant formulations (2, 4, and 6% Folicote, with 0.5% Biofilm) were selected for use in a study with field-grown potato plants.
Plants were grown under optimal cultural management conditions until d 87 after planting. Growth studies indicated that, by this day after planting, plants had reached maximum leaf area and were in the middle of the phase of rapid tuber growth (data not shown). Treatment application on d 87 coincided with the initiation of a drought episode in the field plots. As shown in Figure 1, A-C (Fig. 1, A-C) . Tuber 'Iw in both control and antitranspirant-treated plants remained at or above -0.4 MPa throughout the drought episode; there was no significant effect ofthe antitranspirant treatments on tuber 'Iw (Fig. ID) . Comparison of tuber and leaf 'w values indicated that, during the drought episode, large internal 'Iw gradients between leaf and tuber developed in control plants (Fig. I E) . These drought-induced internal Iw gradients were much reduced in antitranspirant-treated plants (Fig. I E) .
Studies were undertaken to determine whether treatment effects on internal 'Iw gradients coincided with altered Ca distribution within treated plants. During the course of the drought episode, differences did develop in tuber and leaf Ca between control and treated plants (Fig. 2) . The antitranspirant formulations were found to reduce leaf Ca ( Fig. 2A) and increase tuber Ca (Fig. 2B) as compared with control plants. Significantly, the increased level of tuber Ca in treated plants as compared with the controls was still noted at the end of the growing season (Table I) . Leaf Ca in treated plants was also found to be decreased from that found in control plants at the end of the growing season (Table I) . It should be noted that the antitranspirant treatments had no significant effect on yield, although trends in the data suggested a minor (average of 7.5%) yield reduction in antitranspirant-treated plants (Table I ). The data presented in Table I indicate that, when evaluated on a concentration (in the cell solution) basis, tuber Ca is much lower (i.e. by two orders of magnitude) than leaf Ca. These relatively low levels of tuber Ca are similar to the levels previously reported for Ca in the medullary tissue of potato tubers (4) and are typical of the Ca level found in such slowly transpiring plant organs (5, 11) .
Studies were undertaken to determine whether altered Ca distribution in antitranspirant-treated plants was associated with a reduction in tuber necrosis. An analysis of medulla Ca in tubers visually scored as either necrotic or nonnecrotic established a correlation between internal necrosis and low tuber Ca (Table II) . Necrotic tubers classified as large, medium, and small had lower tissue Ca than nonnecrotic tubers of the three sizes, although these differences were significant only in the large and small size categories. After a correlation between tuber Ca and necrosis had been established (Table  II) , effects of the antitranspirant treatments on tuber necrosis were evaluated. Increased tuber Ca in antitranspirant-treated plants was associated with a substantial reduction in tuber necrosis, when evaluated as either the average extent of tuber flesh that was affected (Fig. 3A) or the percentage of tubers showing signs of necrosis (Fig. 3B) . When treatment means were averaged across all three size categories, the three antitranspirant formulations were found to reduce the extent of necrosis by 50% and to reduce the number of necrotic tubers by 40% as compared with tubers harvested from control plots. It should be noted that statistical analysis ofthe data presented in Figure 3 also demonstrated a significant association between tuber size and necrosis (analysis not shown). Larger tubers showed an increased extent of tuber necrosis. Previous investigators (5) noted that Ca deficiency-related disorders are most evident in rapidly expanding tissue, and Henninger et al. (3) speculated that tuber size is correlated with extent of necrosis in field-grown potato. Figure 3 . Effect of antitranspirant formulations on tuber necrosis in field-grown potato. Necrosis was evaluated by monitoring the average extent of necrosis evident in tubers (A) and by monitoring the proportion of the total tubers harvested from the field plots that showed any evidence of internal necrosis (B). In both cases, data are presented for treatment effects on tubers of the three size classifications. An asterisk over a vertical bar indicates that the mean of that treatment was significantly different from the control value for that size classification.
